Background: The role of inflammation has been well established in many cancers, including hepatobiliary cancers. Elevated levels of interleukin-6 (IL-6), a pro-inflammatory marker, are associated with poor overall survival (OS) in hepatocellular carcinoma (HCC) patients.
Introduction
Hepatobiliary cancers pose a significant public health problem, both in the United States and globally. In 2017, approximately 40,710 cases were diagnosed with liver and intrahepatic bile duct cancer in the United States with additional 11,740 cases with gallbladder cancer and other biliary tract cancers (1) . Of these, approximately 32,750 patients died from liver, gall bladder or other bile duct malignancies (1) .
The role of inflammation has been well studied in different cancers including hepatobiliary cancers (2) . Interleukin-6 (IL-6) is a pro-inflammatory cytokine that leads to cell proliferation, protection from apoptosis and increased metastatic potential in cancers through different signaling pathways including the PI3 kinase, JAK/STAT, p38 MAP kinase and others (3) . Elevation of serum IL-6 has been reported in a wide variety of cancers (4) (5) (6) (7) . IL-6 has been found to have prognostic significance in different cancers. A study by Jang et al. found that a high level of IL-6 was associated with inferior survival in patients with hepatocellular cancer (HCC) undergoing loco-regional treatment (8) . There is limited literature about whether it is a prognostic biomarker in biliary cancers. In our study, we attempted to establish the role of IL-6 as a prognostic biomarker in both HCC and biliary cancers.
Cancer often produces different symptoms like pain,
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Interleukin-6 as a biomarker in patients with hepatobiliary cancers cachexia fatigue, etc., which often lead to poor quality of life in patients. It is believed that in advanced cancer, the homeostasis between pro-inflammatory and antiinflammatory cytokines is tipped in favor of the former, leading to a state of systemic inflammation. This results in cancer-related symptoms. IL-6 has been found to be associated with cancer-related fatigue and depression in lung cancer (9) . Similarly, several other pro-inflammatory cytokines have been studied in the context of cancer-related symptoms. The results, however, have not been consistent due to a heterogeneous patient population, inadequate study designs and inconsistent measurements. We attempted to correlate IL-6 level with ECOG performance status and cancer-related pain in hepatobiliary cancers.
Methods

Study design & patients
Our study was a single center, retrospective study to assess the role of IL-6 as a prognostic biomarker in hepatobiliary cancers. Our study population consisted of 91 patients (62 males, 29 females) with newly diagnosed hepatobiliary cancers (HCC, gallbladder cancer, intra-and extrahepatic cholangiocarcinoma) between February 2006 and September 2013. Hepatobiliary cancers were diagnosed histologically/cytologically or with hallmark findings demonstrated radiographically. A total of 91 controls were matched for age, gender and BMI, as those factors are known to affect IL-6 levels the most (10) (11) (12) (13) (14) (15) . Blood tests were performed on the patients' serum samples that were stored between February 2006 and September 2013. Serum concentration of IL-6 was determined using a commercial enzyme-linked immunosorbent assay (ELISA) kit. We also attempted to correlate the level of IL-6 with alpha-fetoprotein (AFP), a known prognostic biomarker in hepatobiliary cancers. This study obtained approval from Gastrointestinal Disease Site Research Group (GI DSRG).
Statistical analysis
Associations between baseline covariates and IL6 measurements were assessed using accelerated failure time (AFT) models. These models account for the left-truncation evinced in IL6 measurements below the limit of detection. About 2/3 of the healthy controls had left-truncated IL6 measurements; 1/10 of the HCC cases had left-truncated IL6 measurements. A Weibull distribution well described the distribution of observed IL6 measurements.
AFT parameter estimates for dichotomous covariates (i.e., gender) are described in terms of acceleration factors. These estimates describe the ratio of median IL6 measurements (i.e., female vs. male). Model-based estimates for IL6 medians are provided here; these are adjusted for the left-truncation. Differences in overall survival (OS) were assessed using AFT methods as well. These results were supplemented with Kaplan-Meier curves and assessed by the Log-rank test. In the present setting, the estimated model coefficients describe the ratio of median IL6 measurements (generally case vs. control). The corresponding null hypothesis is that the acceleration factor =1.
The modeled associations were also described using common summary statistics. While these statistics are generally informative, their interpretation may be clouded in the case of the left-truncated IL6 measurements. Dot plots and scatter plots were used for visual comparison of the IL6 measurements between baseline subgroups. P values less than 0.05 were considered statistically significant, with no adjustments to control the overall type 1 error rate. All data analyses were generated using SAS/STAT software, Version 9.4. Copyright 2012, SAS Institute Inc. SAS is a registered trademark of SAS Institute Inc., Cary, NC, USA.
Multivariable AFT modeling assessed the effect of IL6 on OS, adjusting for the main effect of potential confounding factors identified in the earlier results (AFP, cirrhosis, uncontrolled pain, thrombosis). These factors were previously shown to be associated with IL6. The AFT modeling results were corroborated with a multivariable cox proportional hazards model adjusted for the same covariates.
Results
Baseline characteristics
A total of 91 study subjects with unresectable hepatobiliary cancers and 91 healthy controls with no history of hepatobiliary cancers were included in the study. The clinical characteristics of these patients are listed in Table 1 . Both case and controls had the same proportion of males (68.1%) and females (31.9%), with appropriately matched age groups. The median level of serum IL-6 was found to be elevated in cases compared to controls. Table 2 further breaks down hepatobiliary cancers into HCC and gallbladder/biliary cancer groups. From the group of 91 hepatobiliary patients, 80 patients had HCC, while 11 had gallbladder and biliary cancer. Median age at diagnosis was 59 years in both groups. Cases were also assessed for pain concerns and performance status to further aid in the quality of life measures.
IL-6 levels are elevated in hepatobiliary cancer patients
We assessed the level of IL-6 levels in patients with hepatobiliary cancer in comparison to matched controls from our databank from individuals with no evidence of cancer. As reflected in Table 1 , patients with hepatobiliary cancer were found to have elevated IL-6 levels with a median value of 17.2 in comparison to 3.1 in patients with no history of cancer (Figure 1, P<0 .01).
IL-6 levels are affected by pain score and performance status
Quality of life is a broad term that includes various aspects, ranging from performance status, adequate pain control to carry out daily activities, human interaction with loved ones and much more. Worsening of Eastern Cooperative Oncology Group (ECOG) performance status was associated with higher levels of IL-6 ( Figure 2A) . In conjunction with that, patients with uncontrollable pain also had higher levels of IL-6 ( Figure 2B) . Uncontrolled pain was defined as any score more than 0, on a scale of 0 to 10.
A combination of poor performance status and uncontrolled pain can be seen as a surrogate of poor quality of life in patients. This was from charted pain scores in nursing assessment documents.
Higher IL-6 level is associated with worsened OS
AFP is a well-established tumor marker in HCC. A higher level of AFP is associated with worsening OS (16) . We observed that increasing AFP is associated with higher values of IL-6 ( Figure 3A, P=0.0146 ). Besides, we found that IL-6 ≤17.20 is associated with better OS in comparison to the patients with IL-6 >17.20 ( Figure 3B) although it was not statistically significant (P=0.0587).
IL-6 levels vary based on demographics
Examining whether IL-6 levels vary by gender and race, we observed a higher level of IL-6 in male patients (P=0.5). Also, in comparison to other races, Caucasian patients had higher levels of IL-6 (P=0.85). However, both these outcomes were not statistically significant.
IL-6 levels in patients with portal venous thrombosis
We evaluated serum levels of IL-6 in the presence and absence of thrombosis given that is thought to be in part due to inflammation. An increase in IL-6 is associated with an increased risk of thrombosis, and this association was found to be statistically significant (Figure 4, P=0.03 ).
Discussion
For decades, AFP has been the most well-established biomarker in HCC patients. Serum AFP levels trend 
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down after birth, and they tend to remain low throughout adulthood (17) . For early screening of HCC, AFP is used in conjunction with imaging studies like ultrasound or computed tomographic (CT) scanning. In addition to that, AFP has a valuable role in postoperative surveillance for HCC recurrence (18, 19) . AFP has also been established as a prognostic biomarker in HCC; with higher AFP levels associated with early recurrence after definitive treatment generally leading to reduced OS (20-23). Zhang et al. and Schraiber Ldos et al. showed that AFP level might predict recurrence-free survival (RFS) following treatment but does not contribute towards OS (23, 24) . On the other hand, Silva et al. tried to establish the prognostic utility of baseline serum AFP values in HCC patients and showed that increased AFP level independently predicts poor OS (18) . Since the available data on AFP as a prognostic biomarker is controversial, it is essential to establish additional biomarkers that can aid in prognosis. These additional markers may also help in monitoring treatment response and implement management plans appropriately. It has been an active area of research and studies have explored CpG island methylator phenotype (CIMP), osteopontin (OPN), matrix metalloproteinase 7 (MMP7), pregnancy-specific glycoprotein 9 (PSG9), methylation level of long interspersed nucleotide element-1 (LINE-1), T-cell immunoglobulin and mucin domaincontaining molecule-3, IL-6 and C-reactive protein as prognostic biomarkers in HCC patients (8, (25) (26) (27) (28) .
Chronic inflammation significantly contributes to cancer development and progression (29) . This inflammation cascade further stimulates Th1 and Th2 responses (29) . Th2 response is comprised of pro-inflammatory cytokines like IL-4, IL-6, and IL-10. In another study, IL-6 was found to be elevated in HCC patients undergoing loco-regional treatment and was associated with poor prognosis (8) . Additionally, this concept of chronic inflammation contributing to progression of cancer has been explored in other cancers as well. IL-6, along with other inflammatory markers were found to be elevated in ovarian cancer, colon cancer, and many others (30) (31) (32) . Recent studies have also 
confirmed that IL-6 is associated with tumor growth, metastasis and drug resistance (33) (34) (35) (36) . From a treatment perspective, it was observed that down-regulating the effects of IL-6 has further helped in potentiating the response of chemotherapy (30) . Recently, the REACH 2 study confirmed that ramucirumab, an anti-anigiogenic therapy, is beneficial in HCC patients with high AFP (37) . In addition, we found that IL-6 marker was elevated in males in comparison to females. The reason why males tend to develop HCC more often than females, was studied elegantly in a DEN-induced mouse model of HCC and it was found that IL-6 mediated inflammation in Kupfer cells mediated via a co-adapter protein Myd 88, which is more frequently seen in males (14) . Therefore we explored, IL-6 as a biomarker to study further and provide a rationale so it may be explored further as a therapeutic target.
In our study, we found that IL-6 level was elevated in patients with hepatobiliary cancers in comparison to healthy subjects. Jang et al. saw that IL-6 level correlates with tumor size, stage, and aggressiveness (8); however, their study included patients with HCC undergoing locoregional treatment. In contrast, we examined patients with unresectable hepatobiliary cancers and showed that elevated IL-6 correlates with poor prognosis. This suggests that IL-6 may be associated with unique biologic mechanisms that lead to poor survival in such patients. In one study, IL-6 was found to decrease apoptosis in HCC cells and contributed to metastases (38) (39) (40) (41) .
This is the first study we are aware of to find that IL-6 is associated with elevated pain score and poor performance status. These two parameters are important criteria contributing to the quality of life questionnaire in the European Organization for Research and Treatment of Cancer (EORTC) (42) . These data would imply, therefore, that higher levels of IL-6 in hepatobiliary cancer patients are associated with poor quality of life in the absence of formal QOL assessment. However, if validated along with QOL assessment it could potentially serve as a surrogate for QOL and indicates the possible role of IL-6 levels guiding early intervention focused on symptom management, such as timely involvement of palliative care services.
Amongst patients with hepatobiliary cancers, we did not find differences in IL-6 levels between males and females. As IL-6 expression is suppressed by estrogen (43) and our female patients were predominantly post-menopausal, this might be the reason why there was no gender disparity detected in our study. Our study was underpowered to detect any difference amongst IL-6 levels in different racial groups as our population was mainly Caucasian (91.2%). IL-6 levels directly correlated with AFP in our study, suggestive of a complementary role for this cytokine. While this has been proposed before in literature, our study was unique to highlight a potential independent role for IL-6 in prognostication of patients with hepatobiliary cancers after controlling for AFP levels (44) (45) (46) .
Portal vein thrombosis (PVT) is an independent adverse prognostic factor in patients with HCC (47) (48) (49) . Given that inflammatory driven pathways may be one of the mechanisms for the development of thrombosis (50) , it has been shown that in patients with cirrhosis, empiric treatment with enoxaparin prevented PVT and patients receiving the enoxaparin demonstrated significantly lower levels of IL-6 throughout follow-up as compared to the controls (51). Our study showed a confirmatory association with presence of PVT at the time of diagnosis of cancer and elevated IL-6 levels. It is unclear why there was not a higher incidence of other venous thromboembolism. We found 34.1% of patients with PVT, which is very similar to the previously reported incidence of 20-65% in several studies (52) (53) (54) (55) (56) . One explanation might be that the association signified increased aggressiveness of the cancer and direct invasion into the PV rather than generalized activation of the coagulation cascade, and auto-anticoagulation due to advanced cirrhosis. Along with this other mechanism of action have been described contributing to the increasing incidence of PVT, ranging from platelet dysfunction, endothelial dysfunction increased level of von-Willebrand factor contributing to hemodynamic instability (57) .
Conclusions
In summary, our study demonstrated that IL-6 is an important prognostic biomarker in hepatobiliary cancers. Elevated IL-6 is not only associated with an inferior survival in such patients but possibly also associated with a poorer quality of life. Given the moderate sample size in our study, larger studies and prospective validation of our findings may aid in patient selection and better prognostication. Our results also suggest that clinicians should assess QOL and consider an early palliative care referral for patients with an elevated serum IL-6. Finally, with available therapies targeting transforming growth factor (TGF) beta and recent success of ramucirumab in HCC patients with high levels of AFP, therapeutic interventions directed against IL-6 are becoming increasingly important. Therefore, studies investigating the role of IL-6 as a potential therapeutic
